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Bai bao trinh bay kién triic va thuc hién b dio tan 1én va dao tan xuong s0 trén chlp FPGA (Field-
programmable gate arrays) véi tai nguyén tdi wu c6 kha nang thich hgp cho su phat trién ciia cong nghe
vo tuyen cAu hinh mém. Ky thuit nay cé thé ap dung rong rai trong cac ing dung xir ly tin hi¢u s0 va
cac hé thong thong tin s6. Minh hoa thiét ké cho hé thong thu phat dya trén ky thuit diéu ché QPSK
(Quadrature phase shift keying). Thiét ké dwoc thue hién bing cong cu System Generator for DSP (Digital
signal processing) 14.7.

Tu khoa: bo ddo tin lén, bo dao tin xué'ng, bo loc bu CFIR (CIC Compensation filter), bo loc CIC (Cascaded
integrator-comb filter), diéu ché va gidi diéu ché QPSK.

Chi sé phin logi 2.2

pPat van de

Ngay nay, SDR (Software defined radio) duoc
cac k¥ su thiét ké hé thdng vo tuyén dic biét quan
tam boi kha nang lap trinh dya trén FPGA [1].
Trong d6, thanh phan dugc cac ky su tap trung phat
trlen nhét 14 cac bo dao tan 1én va xudng s6 sao cho
t6i thiéu hoa tai nguyén sir dung nhung dat dugc
tdc d6 cao. Chinh vi thé, tic gia cua bai bao nay da
tap trung thiét ké va thir nghiém by DDC (Digital
down converter) va DUC (Digital up converter)
trén cong cu System Generator. K§ thuat diéu ché
va giai diéu ché QPSK duoc lya chon lam phﬁn XU
1y tin hi€u bang co s6.
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Summary

This paper presents the architecture and
implementation of the digitalup and down converter
based on a FPGA chip with efficient resources
which is well suited for the evolving technology of

software defined radio systems. The divice may be ot dung nghién cuu

widely adopted in the applications of digital signal
processing and digital communication systems.
Demonstration of transceiver system design is
implemented by using the QPSK modulation
technique. And this design is done by the System
Generator for DSP 14.7.
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Ky thudt diéu ché QPSK

Piéu ché QPSK da dugc ung dung rong rai
trong cac hé thong thong tin s6 véi mo ta toan hoc
nhu sau [2]:

s(t)=Acos2zft+06), i=123,4 (1)
9i=(2z—1)7r {7[ 3z Sm 77[} @)
4 474744

Khai trién cong thirc (1) ta nhan dugc:

s(t)=AcosO.cos(2r f.t)—Asin@.sin(2x f 1) (3)



Do d6 c6 thé biéu dién tin hiéu diéu ché QPSK & dang
khac:

s(t) = %I(t) cos(27 £.t) —%Q(t) sin(27 £.1) (4)

Trong do6:
I(t)=~/2cosb,,i=1234 (5)
O(t)=~2sin6,, i =1234 (6)

Vi 4 gia tri c6 thé nhan cua goc pha 0, ta thiy céac
thanh phan I (In-phase component) va Q (Quadrature-
phase component) chi c¢6 thé nhan 1 trong 2 gia tri {+1,
-1}. Cac thanh phan I va Q nay lién hé truc tiép voi
chudi bit dit liéu dua vao diéu ché v6i chom sao nhu
mo ta trén hinh 1.
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Hinh I: mdu tin hiéu va chom sao diéu ché QPSK
Ky thudt ddo tan lén so

Sau qu4 trinh xir Iy bang gdc, cac mau dit liéu 1a tin
hiéu xung c6 chu ky lay mau T véi bién do duoc lugng
tu. Ching ta xét mdt xung tin hiéu (hinh 2) lam dai
dién cho cac mau tin hiéu véi bién do chung ta chuén
hoa la 1:

T
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1|t
s(t) = 2 (7)
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s(t)
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Hinh 2: xung mau tin hiéu
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Hinh 3: ddc trung bién dp phé xung mdu tin hiéu

Pé thay dic trung phd, ta thuc hién phép bién doi
Furier cho tin hi¢u nay:

+0 ) I I .
S(jo)= [ st dr= [ =] > TMOTD g
o T -jo T2 (al12)

bac trung bién do phé clia cac mau tin hiéu cé
dang sin(x)/x. Nhu vay, cac mau tin hiéu co phé rat
rong nén khong phu hop trong cac kénh truyén. Dong
thoi, chiing s& gay nhiéu giita cac symbol (nhiéu ISI
- Intersymbol interference) do cac hai phu. Vi thé, tin
hiéu sau khi xir 1y bang gdc can phai dugc han ché bang
thong, dong thoi giam nhiéu ISI va ndi suy dé mé rong
dai thong cho diéu ché vao song mang [F (Interrnediate
frequency) hodc RF (Radlo frequency) Do do, cau truc
tong quat bd DUC bao gdm t6 hop kénh loc ndi suy va
bd tao dao dong DDS (Direct digital synthesizer) [3-5].

—'—b{ Interpolation Filter Chain

—.—-| Interpolation Filter Chain I—D®4I

'
Digital Up Converter (DUC) |

Hinh 4: kién triic chung ciia by DUC

Kénh loc ngi suy:

Bo loc s6 co dap tmg xung hitu han FIR (Finite
Impulse Response) tong quat 1a mot hé thong so6 duge
mo ta boi phuong trinh sai phan hodc dudi dang dap
ung xung:

N-1
y(n) = Z%) wx(n—k) )

W)= x(kYh(n— k) = x(n)* h(n) (10)
k=0

x(m) D y@)

Hinh 5: mé td bé loc 56 theo ddp vng xung
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N-1
h(n)=>Y w.o(n—k)

(11)
k=0
Ln=0
5(”):{0 n0 (12)

Thong qua phép bién ddi Z va Fourier phuong trinh
(10), (11) chiing ta nhan duogc:

Y(z) = X(2).H(2) (13)
Yo _E
(z)= X(2) —kz:;,)Wk (14)

Hinh 6: cdu triic chung ciia bé loc FIR bdc 4

_ Y(a)) _ = — jok 15
H(w) = —X(a)) = kZ:%) wee ’ (15)

Dé han ché dai thong tin hiéu trong kénh truyén va
giam nhiéu ISI ngudi ta st dung bd loc RC (Raised-
cosine filter). Bo loc nay dugc xdy dung theo tiéu
chuan Nyquist véi dap tmg xung dang cosine ning
(raised cosine pulses) dé xap xi dic tuyén dang sin(x)/x
[4, 6]. Bang thong Nyquist W dugc dinh nghia:

_ b (16)
2T
I-p
e

H(f)= 2{%[ {f D) ’[”T[f D \f\ (17)
1+4

0,f>5

bac trung bién do - tan sb H(f) cua b loc RC phu
thudc vao 2 tham sb 13 T (chu ky 14y mau cua tin hiéu)
va B (hé sb lam phang). Trong d6, P xac dinh khoang
Af vuot qua bang thong ctia bd loc (BW) so voi dai
thong chiém giir Nyquist v6i hé sé p nam trong dai tir
0 dén 1.

N _ N
p= W 1/2T =4 (18)
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BW =w(+ =8

o7 (19)

Bién d6i Fourier nguoc (17), chung ta nhan dugc
dap trng xung cua bo loc RC.

sin(zt/T) cos(nft/T)

h(t) = . 20
© (xt/T) 1-QBt/T)> 20
1 H(f)
— =0
/ T | — B=025]
Fofor forid NG — =05 |

Hinh 7: ddc tuyén bién dé - tan sé ciia bé loc RC
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Hinh 8: dap vrng xung cua bo loc RC
1 Ttggc ()
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Hinh 9: dap ving xung cua bo loc RRC (Root-raised-cosine filter)

Dap tng xung cho thdy 2 thanh phan: thanh phan
dau tién co dang sin(x)/x dé dam bao réng bo loc ¢co
cac cuc khong tai nhitng thoi diém boi 1an chu ky 1dy
mau (hinh 7). Nhu vay, c6 thé dé dang trich mau thong
tin theo thoi gian; thanh phan thi hai 1a ham cosine dé
hiéu chinh cho thanh phan tht nhat lam cho né c6 dic
tuyén tan s6 tot hon. Khi p duoc chon cang nho thi dic
tuyén bién do - tan s cua bd loc cang tién dén hinh
vuong, con dap trng xung tré nén dao dong manh hon,
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nghia la kéo dai hon.

Trong hé théng thong tin thuc té c6 sir dung cac bd
loc phéi hop do anh huéng cua tap tring. Do d6, dé
thoa man viéc 1am giam thiéu anh hudng cta nhiéu
ISI, d4p ung xung phéi hop cta 2 b loc nay (1 bd &
phia phat H (f) va 1 b ¢ phia thu H (f)) thoa man dap
ung cua bd loc RC, nghia la:

Hp (f)-He(f)=H(f) 21)

Pé thoa man diéu kién phdi hop, dap tmg cta hai bo
loc nay 1a gidng nhau:

\H (O] HR ()] = |H )

Nhu vay, bo loc RC co thé tach thanh 2 b loc co
dic trung bién do - tan s6 gidng nhau va bang cin béc
hai cta bg loc nay. Bo loc c6 dap ung bién do - tan sb
nhu vay dugc goi 1a bo loc RRC (23), (24).

(22)

HRRC(f): |f| 1+'B (23)

22 sin| - 2 €o$ l
““”Jﬁ%ijJ@ﬂijl‘w .
1 sin(zt(1-B)/T)+(4pt/T)cos(nt(1+ B)/T) t#{o +T]
i (m17)1-(4g07Y | R
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Hinh 10: cdu triic chung ciia kénh loc ndi suy

B6 loc c6 kha nang ndi suy tde do léy mau 16n nhét
dugc st dung trong cac hé théng vO tuyén la bd loc
CIC (25-28). B6 loc CIC ¢6 wu diém 1a cdu tric don
gian va tdc do hoat dong nhanh nén thich hgp cho vi¢c
xt 1y tin hiéu da téc do trong hé thong vo tuyén cau
hinh mém [7].

L0<n<R-1

25
0,n¢[0,R-1] 2

hee(n) = {
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R-1 1—-zR
Hee(2)= L hnz" == = H(2)H,(2) (26)
n=0 -
Trong do:
1
H1(2)=1_ - (27)
Hy(z)=1-z% (28)

H (Z) c6 dac trung cua mot bo tich phan, trong khi
H (Z) c6 dac trung dang rang luoc Nhu vy, dé thyuc
hlen loc thong thap va ndi suy, cu trac cta bo loc CIC
thuc hién trudc tién bang cac bo loc rang lugc, sau do
chén cac mau khong va cudi cung thyc hién ldy tich
phan dé noi suy dit liéu (hinh 11). Tir d6, ta c6 ciu tric
ctia CIC ndi suy nhu hinh 12 khi sir dung nhiéu khau
tich phan va rang lugc két hop.
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Hinh 11: qua trinh ngi suy cua CIC

comb sections

=A] 4]
L5

integrator sections

A =1 sample delay

Hinh 12: cdu triic bé loc CIC néi suy

DUC Cascade Integrator Comb (CIC) Filter (Length = 10, Order = 5)

CIC filter

Magnitude (dB)

Mormalized Freguency (>= rad/sample)

Hinh 13: dac tuyén bién dg - tan sé ciia bé loc CIC
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DUC CIC Compensation Fiter (CFIR)

T T T T T T
CFIR (designed)
CFIR (guantised)
=)
=2
o
k=1
2
(=4
o
o
=
0 0,1 02 0,3 0,4 0,5 06 07 0,8 0,9
Mormalized Freguency (>x radizample}
Hinh 14: dac tuyén bién do - tan so cua CFIR
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Hinh 15: ddc tuyén bién dé - tan sé ciia HB (Half band low pass filter)

Bo loc CIC c¢6 do dbc 16n trong dai thong (hinh
13), do téc d6 ndi suy 16n nén chung ta st dung bo loc
CFIR c6 dic tuyén nang 1én dé bu lai d6 doc cua CIC
(hinh 14). B6 loc CFIR ndi suy thip nén lam viéc véi
tde do léy mau thép. Do vay, CFIR dung trudc bd loc
CIC trong hé thong.

bé giam anh hudng do vié¢c ndi suy 1on cua bo loc
CIC, nguoi ta c6 thé két hop thém cac bd loc HB néu
can thiét. Nhitng bo loc HB nay duoc thiét ké theo cdu
trac FIR [8, 9]. Pic tuyén bién d6 - tan s6 cia HB can
bang phing trong dai thong dé khong 1am méo tin hiéu
(hinh 15).

Bé 16 hop tan sé DDS (Direct digital synthesizer):

B6 DDS thyc hién tao tan sb diéu ché tin hiéu lén
dai IF hoac RF cho b DUC. M6 hinh thuc hién cua
DDS (hinh 16) dua trén by VCO (Voltage controlled
oscillators) do Hang Xilinx d& xuat [8].
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Hinh 16: bo DDS dwa trén VCO

address amplitude

n=4 L=8

Pl

0000] 0000 Q000 |-----=xxoneemees-
Memory Locations: 0001| 0011 0001 |------
N=2'=16 0010| 0101 1011

0011 01110110 [-----nemmevenee
0100] 0411 14191 [------mvmmmermmemeempeeeaeneneee
0101 i

0110
0111
1000
1001
1010
1011
1100
1101
1110[ 1010 0101 |-
1111] 1100 1111

4 bit address j/

Hinh 17: dang tin hiéu duwoc tao tir bo DDS

Tin hiéu tir dau ra ciia DDS duge doc tir bang tra
Iuu trir gia tri cAc mau cia sine va cosine trong bd nhg
ROM nhu duge thé hién trén hinh 17.

Sau kénh loc ndi suy, tin hiéu gom 2 thanh phan I
va Q s& duoc diéu ché IF hoic RF. Chung ta ky hi¢u
chung tan s6 tao boi bdo DDS w, cho ca hai truong hop
dau ra bd DUC la IF hodc RF.

X5 (1) = cos(@,t) + jsin(w,t) (29)

Tin hi¢u trén kénh I va Q sau di¢u ch¢ dao tan Ién:

x;(t) =1(t) cos(w,t) (30)

%o () = O()sin(a,1) 31

Tin hiéu phat di 13 tong cta hai thanh phan tir hai
kénh I va Q cua bo DUC:

x(t) = I(t) cos(m,t) + Q(t) sin(w,t) (32)

Ky thudt dio tan xudng sé

B6 DDC thuc hién chon ra dai tan quan tam dé
chuyeén veé dai bang tan co sé va giam tan so lay mau
phu hgp véi bang tan nay.

Analogue
RF mixer Analog F Signal

RF Signal | RF N
| Bandpass \>_</ Lowpass
+ Filter 4| Filter to DDC (digital
’ / f downconverter)

/ f
cos2mf, 't /’ 4

‘\\\_ - I
[ 6 T S VY W S W

»
frequency foke =fw  fH frequency fir ,:_z frequency

Hinh 18: cdu triic mach RF trong hé théng SDR
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Kién trac chung ctia hé théng vo tuyén cdu hinh
mém theo Rodger H. Hosklng [9] (hinh 18) thuO’ng
bao gobm phan RF; trong d6, khdi RF thuc hién chuyén
tin hiéu dai RF thu duoc tir anten vé dai IF. Sau do, bd
ADC thyc hién Iy mau tin hiéu rdi dua vao xir Iy trong
DDC. Trong truong hop dai tin hi¢u RF khong qua 16n
dé co thé thuc hién bo thu hoan toan sb, thi hé théng
khong st dung thém mach RF nay [10].

Digital Downconverter

'
' (2 decimati symbol :
' \ ecimation '
. =20 hiters [ ™ synch. [T
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amﬁ carrier !
recovery .
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filters |

symbol | |
s)gmch. —=Q[n]

Hinh 19: cdu triic b¢ DDC trén FPGA
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Hinh 20: cdu triic bg Costas loops
Ky thudt khoi phuc song mang:

B¢ Costas loops khoi phuc song mang ca vé tan sd
va pha tur tin hi¢u thu dugc c6 diéu cheé dé dong bo ¢
thict bi thu. Chung ta gia thiét tin hiéu ¢ dau vao bo
DDC ¢6 tan so thuc t€ f, dugc mo ta bang phuong trinh
toan hoc:

r(t) = A(t)cos(2z fit + ¢,) (33)

Gia thiét, tan s6 thiét 1ap ban dau cho bo VCO 1a /s
Pau ra bd nhan tin hi¢u trong Costas loops nhan dugc
hai thanh phan tan s6 tong va hiéu cua f vaf.:

4

1(t)eos2rfyt +,)=—

: [cos2atf )t ) e 20(F - ) i4l0-0)) (34)

1)sin2eft+)= Ag)[sm(hfwz)ww,wz)) sin(2n(f - f)t+(0-9,))] (35)

Bo loc phdi hop khi d6 loai bo thanh phan tan sd
tong va thuc hién lay mau lai theo toc do cia symbol.
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Tin hiéu dau ra bd loc phéi hop nhan dugc:

i0=2Dcos(22/i - £t @ -0)  G6)
00 =2 Dsin (277~ )t -02))  G7)
Chuing ta dat:

A ()= 1= fr Ap@O) = A () + ¢, —

Thay vao (36) va (37) nhan dugc:

1) = @cos(m(t)) (38)
O() = ﬁsm (Ag(1)) (39)

Dau vao cua bo loc loop filter 1a tich cua 2 tin hi¢u
trén 2 kénh I va Q:

2 2
1(00() = AT(t)cos(A(b(t)).sin (Ad(r))= AT(t)sin (2A¢()) (40)

B0 loc loop filter thyc hién loai bo tat ca nhidu tap
tac dong dén thanh phan bién do tai phia thu. Pau ra b
loc nay chung ta nhan dugc tin hi¢u:

e(t) = %Az(t) sin (2A4(1)) (41)

Véi diéu ché QPSK, sau khi loai bo nhidu tac dong
dén bién do thi A(t) = + 1 nén dau ra cua loop filter
mang thong tin vé do 1éch pha va tan sd. Tin hiéu nay
su dung dé hiéu chinh VCO dua sai 1éch nay vé 0. Do
do, song mang dugc khoi phuc.

Kénh loc giam mau:

Bo loc CIC c¢6 kha niang giam toc d6 1dy mau cao
nhat nén dugc st dung trong bo DDC lam b loc dau
tién trong kénh loc gidm mau.

ﬂWﬁ W TWT W 1 TW ?5[ J { J J

0 05 1 15 2 25 3 0 05 1 15 2 25 3
2rragians 2r radians

@ I =4

Amplitude

Hinh 21: qua trinh thuc hién giam méu ciia CIC

Decimating CIC filter
integrator sections comb sections

A B R

Hinh 22: cdu tric ciia bé loc CIC giam mau




X(z) —={MR Yo = Xe) Yiz)
X(z) —=| H(ZF) Y = Xo—=[R) Y@

Hinh 23: twong quan dép img ciia CIC ndi suy va giam mdu

Tur su twong quan gitra CIC ndi suy va giam mau
(hinh 23) ta théy, ddc tuyén H(z) ciia chung 14 tuong
déng nhu thé hién trén hinh 13. Nhu vay, sau bd loc
CIC trong DDC can st dung thém bd loc bu CFIR, cac
khau loc tuy chon HB dé giam tdc do léy mau va bo
loc RRC 1am bo loc phédi hop lay mau voi toe do cua
symbol dé dong bo. Ciu tric cia DDC thé hién nhu
trén hinh 24 [11-14].

0 a0 - 0] o]

CIC Filter Inverse Sinc
Compensation FIR

e

RRC Filier

Half Band Filters

Hinh 24: kénh loc giam mau trong DDC

Dic tuyén bién do - tan s6 va dap tmg xung ciia cac
bd loc nay tuong tu nhu trong DUC trén cac hinh 9,
14 va 15.

Két qua th& nghiém

Thiét ké (hinh 25) duoc thir nghiém véi cac tham
s6 lua chon sau: toc do léy mau cac symbol trén hai
kénh I/Q: 1,25 MHz; tan s6 IF: 25 MHz; toc d6 ndi suy
va giam mau: 80; mo hinh kénh truyén: st dung tap
trang phat tir trong FPGA; céc bo mach sir dung dé thir
nghiém: NetFPGA-1G-CML va AD9739A FMC Card.

Két qua thir nghiém duoc thé hién trén cac hinh tir
26 dén 32. Tai  nguyén chip FPGA su dung khi khong
sir dung tap trang d¢ mo hinh kénh va c6 sir dung tap
trang thé hién twong ung trong bang 1 va bang 2.

- Két qua mo phong (hinh 28) va do trén may phan
tich phd (hinh 31) cho thdy, tin hiéu phat ¢ dai IF
¢ bang thong 2,5 MHz (bang 2 1an bang thong cua
symbol trén hai kénh I/Q & dai co so).

- Két qua phan tich chom sao tin hi€u ¢ phia thu
(hinh 29) cho thay, chom sao sau bd loc CIC khong tap
trung do nhiéu tap tréng tur kénh truyén. B6 loc phéi
hop RRC di loc nhiéu ISI va nhiéu tap nén chom sao
tin hi€u dugc tap trung.

- Sau giai diéu ché QPSK, tin hiéu duoc khoi phyc
(hinh 30).

- Chudi bit kénh I ctia ban tin gbc tir phia phat va
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ctia kénh I sau giai diéu ché trong bo thu duoc thé hién
trén may hién song (hinh 32). Tin hiéu dugc khoi phuc
hoan toan trong bé thu, téc d6 1dy mau 1,25 MHz.

- Tai nguyén FPGA su dung cho by DUC va DDC
(khong tinh dén tai nguyén tao tap trang cho mé hinh
kénh phat) 14 rit nho dbi véi chip Kintex-7 XC7K325T
va phu hop cho cac chip FPGA tai nguyén nho hon,
chip FPGA thé hé cil.

-~ DUC_I_out
‘‘‘‘‘‘‘‘‘
m—
|
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Hinh 25: thiét ké thuc hién trén System Generator
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Hinh 26: tin hiéu ¢ bang tan co sé sau kénh loc néi suy
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Hinh 27: phé tin hiéu DDS trong DUC
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Hinh 28: phé tin hiéu IF & phia phat



Chom sao sau QPSKdemapper 20 sau loc CFIR

u loc CIC
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Hinh 29: chom sao tin hiéu sau cdc bo loc trong DDC
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Hinh 32: ban tin géc va sau gidi diéu ché

Bang 1: tai nguyén FPGA sur dung

¢ Bang 2: tai nguyén FPGA sur dung
khi khong ding kénh tap trang

khi ¢6 ding kénh tap tring

Két luan

Logic Used | Available | % Logic Used | Available | %
Utilization Utilization

Slice Registers | 9371 | 407.600| 2% Slice Registers | 3056 | 407,600 | 0%
Slice LUTs 9254 | 203,800| 4% Slice LUTs 2356 | 203,800 1%
RAM/FIFO 5 445 1% RAMFIFO 1 445 0%
DSP48Els 139 840 16% DSP48Els 42 840 5%
Max. Frequency | 142.531MHz Max. Frequency | 517.994 MHz

Nghién ctru da thiét ké va thir nghiém cac khbi dao
tan lén va xuong ket hop k¥ thuat diéu che QPSK trén
co s¢ cong nghé vo tuyén cau hinh mém. Thiét ké voi
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giai phap t6i wu tai nguyén va toc do cho phép thuc
hién hé théng hoan toan sb trong mot chip FPGA, dac
biét 1a md hinh thiét ké co thé phu hop va tuy bién
linh hoat cho moi hé théng vO tuyén dua trén software
defined radio.
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